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Female infertilityAbstract Objective: To determine the accuracy of MRI and diffusion weighted images in the diag-
nosis of deep inﬁltrating endometriosis (DIE).
Patients and methods: This study included 72 patients (mean age, 28 years; range, 17–41 years).
Inclusion criteria were patients who: (a) had a history of symptoms consistent with endometriosis,
such as pelvic pain, dysmenorrhea, deep dyspareunia, dyschezia, and infertility; (b) had a pelvic
examination revealing thickening of the posterior cul-de-sac and/or nodules; (c) had transvaginal
ultrasound showing ovarian cysts with thickened low amplitude echoes. Exclusion criteria were
the common contraindications to MRI (pacemaker, metallic foreign bodies, and claustrophobia).
MRI was performed using a GE Signa 1.5 T MRI system and no contrast medium was used for
imaging.
Results: In 70/72 patients, DIE was conﬁrmed at surgery and histopathologic examination. 36/72
(50%) patients had endometriotic nodules inﬁltrating the rectouterine pouch and rectum, 24/72
(33%) the vesicouterine pouch, 6/72 (8.3%) the urinary bladder and 6/72 (8.3%) the anterior
abdominal wall. 20/72 patients (27%) had endometrioma correlating with DIE and another 8/72
(11%) had also adenomyosis.
Conclusion: In conclusion, preoperative MRI is an excellent tool to provide a reasonably accurate
mapping of multiple sites of pelvic endometriosis with high accuracy.
 2014 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
Endometriosis is deﬁned as the presence of endometrial tissue
outside the uterus. In particular, deep pelvic endometriosis,
also called deep inﬁltrating endometriosis (DIE), is deﬁned
as inﬁltration of the implant of endometriosis under the
surface of the peritoneum (5 mm in depth) (1). Althoughed.
Table 1 Clinical presentation of 72 patients with
endometriosis.
Clinical presentation No. of patients %
Dysmenorrhea 66 91.6
Dyspareunia 44 61
Infertility 18 25
Dysuria 6 8.3
Dyschezia 34 47.2
Table 2 Inﬁltration sites of 72 patients with endometriosis.
Inﬁltration site No. of patients %
Recto-uterine pouch & rectum 36 50
Vesico-uterine pouch 24 33.3
Urinary bladder 6 8.3
Anterior abdominal wall 6 8.3
Endometrioma with DIE 20 27
Adenomyosis with DIE 8 11
160 M.F. Sherif et al.peritoneal endometriosis can be asymptomatic, DIE is a cause
of pelvic pain, dysmenorrhea, dyspareunia, dyschezia, and uri-
nary symptoms and is frequently associated with infertility (2).
Diagnosis of DIE remains a major challenge in the clinical
context and has become an area of focus for pelvic radiologists
in the last two decades. Precise preoperative diagnosis of DIE
requires radiologists to have meticulous knowledge of pelvic
anatomy and the natural history of DIE, as well as expertise
in the imaging technique employed prior to surgical and path-
ologic conﬁrmation. Transvaginal, transrectal, and rectal
endoscopic ultrasound used to diagnose DIE have shown var-
iable accuracy depending on the anatomical sites affected and
the experience of the investigators (3–6). Despite noted
limitations, magnetic resonance imaging (MRI) remains the
best non-invasive method to evaluate the locations affected
by pelvic endometriosis (7,8).Table 3 Pattern of MRI signals of endometriotic lesions.
Pathology T2-weighted image Fat suppressed T1-
weighted images
Endometrial cysts Endometrial cysts of
low signal intensity
High intensity of the
cysts, indicating their
hemorrhagic content
Abdominal wall
endometriosis
Heterogeneous
lesion located
dorsally to the
aponeurosis of the
rectus oblique
muscle
Isointense signal of the
lesion to muscle
Bladder
endometriosis
Mass of
hypointensity of
bladder
Low signal intensity
mass
Cul-de sac Nodule of
hypointensity of
Cul-de-sac
Low signal intensity
noduleDiffusion weighted magnetic resonance (MR) imaging has
been established as a useful functional imaging tool in neuro-
logic applications for a number of years, but recent technical
advances now allow its use in abdominal and pelvic applica-
tions. Diffusion-weighted MR imaging studies of female pelvic
tumors have shown reduced apparent diffusion coefﬁcient
(ADC) values within cervical and endometrial tumors. In addi-
tion, this unique noninvasive modality has demonstrated the
capacity to help discriminate between benign and malignant
uterine lesions and to help assess the extent of peritoneal
spread from gynecologic malignancies (9).
The aim of this study was to determine the accuracy of
MRI and diffusion weighted images in the diagnosis of deep
inﬁltrating endometriosis (DIE).
2. Patients and methods
2.1. Population
Between February 2011 and May 2014, 103 consecutive
patients referred for pelvic MRI because of a clinical suspicion
of endometriosis were prospectively enrolled. Among these, 72
patients with symptomatic disease who underwent laparo-
scopic surgery were included in our study (mean age, 28 years;
range, 17–41 years). Inclusion criteria were patients who:
(a) had a history of symptoms consistent with endometriosis,
such as pelvic pain, dysmenorrhea, deep dyspareunia, acyclic
pelvic pain, dyschezia, and infertility; (b) had a pelvic
examination revealing thickening of the posterior cul-de-sac
and/or nodules; (c) had transvaginal ultrasound results
showing ovarian cysts with thickened low amplitude echoes;
and (d) had no previous pelvic surgery for endometriosis.
Exclusion criteria were the common contraindications to
MRI (pacemaker, metallic foreign bodies, and claustrophobia)
and post-menopausal status. This study was approved by the
ethics committee of our institution; an informed consent was
obtained from all patients after full explanation of the beneﬁts
and risks of the procedure.Diﬀusion weighted
image
ADC map ADC value
Hypointense cyst Two
endometrial
cysts of high
signal intensity
0.85–1.16 · 103 mm2/s
Hypointense mass of
the bladder
Heterogeneous
mass located
dorsally to the
aponeurosis of
the rectus
oblique muscle
0.93 · 103 mm2/s
Hypointense mass of
the bladder
Heterogeneous
mass at the
posterior aspect
of urinary
bladder
0.88 · 103 mm2/s
Hypointense nodule
of the Cul-de-sac
Heterogeneous
nodule in the
Cul-de-sac
0.86 · 103 mm2/s
a. fat suppressed axial T1-weighted 
image show high intensity of the cysts, 
indicating their hemorrhagic content
b. axial T2-weighted image show two 
endometrial cysts of low signal 
intensity 
c. Corresponding ADC maps show two 
endometrial cysts of high signal intensity, 
ADC value is 1.16x 10-3 mm2/s.
d. DWI shows no restricon
Fig. 1 A 33 year old female presenting with progressive dysmenorrhea (endometrial cysts).
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Magnetic resonance imaging was performed using a GE Signa
1.5 T MRI system (General Electric Medical Systems, USA)
with a pelvic phased-array coil. No contrast medium was used
for imaging. Pelvic MRI was performed regardless of the men-
strual cycle phase. It has been reported that menstrual cycle
phase does not change the MRI features of DIE. Patients
did not undergo bowel preparation, but were instructed to fast
for at least 4 h before the exam. The standard position for pel-
vic MRI is the comfortable supine position with a bolster
placed under the knees; 20 mg of hyoscine-N-butylbromide
(Buscopan) was injected to reduce intestinal peristalsis.
2.3. Pulse sequences and scanning planes
For all patients the imaging protocols consisted of using multi
sections spin echo sequences with different repetition time
(TR) and echo delay time (TE) to obtain T1 weighted image,
T2 weighted image, short time inversion-recovery (STIR)
sequence, diffusion-weighted MRI (DWI), and apparent diffu-
sion coefﬁcient (ADC).
T1 weighted sagittal view was done to verify the precise
position of the patient and act as localizer of subsequent slices.
Then multiple pulse sequences in all three orthogonal planes
were used to obtain axial images followed by coronal and sag-
ittal images, based on the location of pathology encountered.2.4. Image analysis
DIE was described as nodular or retractile ﬁbrotic-like tissue
that was hypointense on T2-weighted images and isointense
to muscle on T1-weighted images.
The diagnosis of endometrioma was based on the identiﬁca-
tion of a cystic adnexal lesion with characteristics of chronic
bleeding: hyperintensity on fat suppressed T1-weighted images
and a signal intensity decrease (‘‘shading’’) on T2-weighted
images.
Adhesions and indirect signs of adhesions were also
described as hypointense peritoneal strands that converged
to loculated ﬂuid collections or organ displacements. If rectal
involvement was suspected, the precise location (distance from
the anorectal junction) was described and stated whether or
not it was present.
Laparoscopic surgical reports were used as the reference
standard.2.5. Statistical analysis
The data analysis evaluated the prevalence of inﬁltration
detected by MRI and diffusion weight images. Subsequently,
the sensitivity and speciﬁcity of MRI vs. diffusion weight
images have been veriﬁed and then the sensitivity of these
two techniques is compared to laparoscopic surgery (gold
a. axial T2-weighted images b. Sagittal T2-weighted image
showing mass of  hypointensity at the posterior aspect of urinary bladder. 
c. DWI  shows no restriction d. ADC map shows heterogeneous     
mass at the posterior aspect of urinary   
, ADC value is 0.88x10-3mm2/sbladder
Fig. 2 A 23-year-old patient presenting with hematuria and recurrent cystitis (bladder endometriosis).
162 M.F. Sherif et al.standard). By means of analysis between the observed and
expected values (Chi-square test), the accuracy of MRI and
diffusion weighted images has been evaluated to detect the
exact site of the nodules of DIE, their volume, and the grade
of parietal inﬁltration (rectum, bladder).
3. Results
Seventy-two women aged 17–41 years (mean age, 28 years)
completed the study. The patients had characteristic symptoms
at the indicated rates: dysmenorrhea (n= 66; 91.6%); dyspa-
reunia (n= 44; 61%); dysuria (n= 6; 8.3%); dyschezia
(n= 34; 47.2%); and infertility (n= 18; 25%) as shown in
Table 1. All patients had laparoscopic and pathologic ﬁndings
of endometriosis.
In 70/72 patients, DIE was conﬁrmed at surgery and histo-
pathologic examination. 36/72 (50%) patients had endometri-
otic nodules inﬁltrating the rectouterine pouch and rectum,
24/72 (33%) the vesicouterine pouch, 6/72 (8.3%) the urinary
bladder and 6/72 (8.3%) the anterior abdominal wall. 20/72
patients (27%) had endometrioma correlating with DIE and
another 8/72 (11%) had also adenomyosis as shown in Table 2.
The main signal intensity abnormalities observed were solid
nodules with a low T2 signal (similar to that of pelvic muscle)
characterized by the presence of ﬁbrosis and predominantly
stromal endometrial tissue. The majority of lesions hadirregular speculated margins. Some nodules in the retrocervical
region, bladder, and vagina showed a mixed pattern
(solid-cystic) due to the presence of cysts inside the lesion with
and without hemorrhage as shown in Table 3, Figs. 1–4.
In two women, MR images suggestive of DIE were not con-
ﬁrmed at laparoscopic surgery; and histopathology revealed
ﬁbrosis (false positive). Pronounced uterine retroﬂexion caused
difﬁculty in diagnosis in two women who had negative MRI
result (false negative) as shown in Table 4.
4. Discussion
Endometriosis is a common gynecological condition affecting
10–20% of menstruating females and manifesting as perimen-
strual pain and infertility. It consists of heterotopic islets of
tissue of endometrial origin that remain sensitive to hormonal
stimulation from the ovaries. Deep endometriosis is deﬁned
histologically as a lesion penetrating the subperitoneal
space and/or wall of the pelvic organs to a depth of at least
5 mm (10).
MRI is an essential imaging method, allowing precise
delineation of the different locations of the deep pelvic endo-
metriosis. Involvement of the posterior pelvis is the most com-
mon and well-recognized manifestation, affecting in order of
frequency the uterosacral ligaments, the rectosigmoid colon,
the vagina, and the rectovaginal septum (10).
Diagnosis:     Abdominal wall endometriosis.
a. Axial T1-weighted image with fat 
suppression shows isointense signal of 
the lesion to muscle. 
b. Axial T2-weighted image shows a 
heterogeneous lesion located dorsally 
to the aponeurosis of the rectus oblique 
muscle.
c. ADC map show heterogeneous mass
located  dorsally to the aponeurosis of 
the rectus oblique muscle.ADC value is 
0.93x10-3mm2/s .                    
d. DWI shows no restriction
Fig. 3 A 31-year-old woman presented with secondary infertility 3 years ago.
Fig. 4 Axial (a), coronal (b), and sagittal (c) T2-weighted FSE images of a patient with DIE involving the rectum and retrocervical
region. (a) Nodule with speculated margins and low signal intensity involves the right uterosacral ligaments (curved arrow). This lesion is
attached to another nodule that was inﬁltrating the anterior rectal wall (straight arrow). Frontal (b) and sagittal (c) views of the same
lesions (arrows).
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Table 4 Accuracy of MRI and DWI as correlated to laparoscopic surgery.
Inﬁltration site Sensitivity % Speciﬁcity % NPV % PPV % Accuracy %
Recto-uterine pouch & rectum 94.7 100 94.4 100 97.2
Vesico-uterine pouch 96 100 96.6 100 97.9
Urinary bladder 100 97.2 100 82 97.7
Anterior abdominal wall 100 96.9 100 75 97.2
164 M.F. Sherif et al.The lesions of endometriosis can present as nodules,
masses, or adhesions between organs. Signal characteristics
vary as a function of the distribution of stromal tissue versus
glandular elements, the presence of hemorrhage, and the extent
of an inﬂammatory reaction (10).
Pure ﬁbrous lesions will be in low signal intensity on T1- and
T2-weighted imaging whereas lesions with a strong glandular
component will be in high signal intensity on both T1 and T2.
The most frequently encountered lesions, however, are mixed
with the ﬁbrous component in low signal intensity on T1 and
hemorrhagic foci demonstrating a high signal on T1 (11).
Jill et al. (12) reported that endometriosis, deﬁned by the
presence of endometrial glands and stroma outside the uterus,
is almost exclusively affects women during their reproductive
years. It accounts for 20% of infertile female. In our study,
the age group of women was between 17 and 41 years and
18/72 (25%) complaining of infertility.
In our study, on MRI, 4 cases show low signal intensity in
T2-weighted image and high signal intensity in fat suppressed
T1-weighted image and one case shows heterogeneous lesion
on T2-weighted image, and isointense signal of the lesion to
muscle on fat suppressed T1-weighted image. This agreed with
the study by Jill et al. (12) which concluded that MR imaging
features of endometriosis include cystic masses with thickened
walls and loss of the interface between the lesion and adjacent
organs. The masses have internal high signal intensity on T1-
weighted images and low signal intensity on T2-weighted
images. This also agreed with the study by Izumi et al. (13)
which reported that T1-weighted sequences with fat suppres-
sion accentuate the spontaneous hypersignal of hemorrhagic
lesions relative to the fatty tissue and thus increase the sensitiv-
ity of MRI T1-weighted images and so improve the diagnostic
accuracy for peritoneal implants to a sensitivity of 47%–61%
and a speciﬁcity of 87%–97%. These are signiﬁcantly higher
values than those for T1- and T2-weighted images only, which
have a sensitivity of 11%–27%.
In our study, there are 10 cases diagnosed as endometrial
cysts which attain high signal intensity in fat suppressed T1-
weighted images and low signal intensity in T2-weighted
images. This agreed with the study by Izumi et al. (13) which
concluded that The diagnostic MR imaging ﬁndings for ovar-
ian endometriomas are (a) adnexal cysts of high signal inten-
sity on both T1- and T2-weighted images or (b) high signal
intensity on T1-weighted images and low signal intensity on
T2-weighted images (shading) the dense concentration of cyclic
hemorrhage and the high viscosity of the contents in the
endometrioma cause T2 shortening and produce shading, these
adnexal lesions are often multiple. MR imaging provides a
sensitivity of 82%–90% and a speciﬁcity of 91%–98% in the
diagnosis of ovarian endometriomas.
In our study, all cases show no diffusion restriction and
high signal intensity lesion in ADC map and ADC valueranging from 0.85 to 1.16 · 10–3 mm2/s, this agreed with the
study performed by Siegelman et al. (2012) (14): Endometrio-
mas have low ADC values and on a diffusion-weighted image
obtained with a low b value (which is a type of T2-weighted
fat-suppressed image), an endometrioma exhibits low signal
intensity resembling the T2 shading, endometriomas, and solid
endometrial implants, as well as benign mature cystic terato-
mas, also demonstrate restricted diffusion on ADC map and
in the study performed by Busard et al. (2010) (15): bladder:
0.89 · 103 mm2/s. In endometrial cysts mean ADC value
was 1.10 · 103 mm2/s. The mean ADC value in AWE was
also decreased (0.93 · 103 mm2/s).
In conclusion, preoperative MRI is an excellent tool to pro-
vide a reasonably accurate mapping of multiple sites of pelvic
endometriosis with high accuracy.Conﬂict of interest
There is no conﬂict of interest.References
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